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FIELD OF THE INVENTION 

5 

The present invention relates to the field of mass production of dsRNA. This invention 
. relates also to a living cell system and to a kit for mass production of dsRNA. More 
specifically this invention relates to the use of RNA viruses and other KNA replicons for 
providing target nucleic acid sequences in the form of dsRNA. 

ID 

BACKGROUND OF THE INVENTION 

The methods to produce large amounts of DNA are well developed and widely used. The 
recent developments in molecular and cellular biology has revealed that RNA molecules in 

15 general and dsRNA molecules in particular play a much more central role in a number of 
cellular processes than previously was known. One of such processes is posttranscriptional 
gene silencing. This progress obviously leads to the need of large-scale production 
methods for sequence specific dsRNA production. Currently the favorite method in use is 
the plasmid derived ssRNA synthesis followed by annealing of two complementary KNA 

20 molecules to gain dsRNA.. Althougji such technology is successful it is difficult to produce 
long RNA molecules and the method is not practical and not cost effective for producing 
industrial quantities of dsRNA. When therapeutic and diagnostic use of dsRNA is needed, 
a reliable, low cost, high quantity (grams) method with a capacity to produce several kbp 
long dsRNA molecules is requested. 

25 

In this invention it has been foundthat dsRNA can be produced by using a RNA-dependent 
RNA polymerase, in particular from an RNA virus or replicon, in a li\dng cell with 
unexpectedly high yield. In the literature (Onodera et al. 1992) it has been shown that a 
Barker antibiotic resistance gene can be inserted to the dsRNA bacteriophage in a dsRNA 
30 form and that such intracellular viral elements confer the cells resistant to the encoded 
antibiotic. However, ithas not been suggested to use dsRNA bacteriophages or other RNA 
rqplicons for amplifying anucleic acid target of interest and no one has suggested the use of 
dsRNA bacteriophages or other RNA replicons for mass production of a target dsRNA.. 
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As discussed above, tlie existing in vitro methods for generating dsRNAs can piovide only 
limited amounts of the product It is therefore advantageous to develop a method .i^erein 
dsRNA can be produced from a renewable source, such as living cell, and purified using a 
5 straightforward procedure. Toward this end, the present, invention offers a simple and 
convenient strategy wharein RNA i^licons (such as KNA viruses, RNA virus-like 
particles, RNA plasmids, or derivatives thereof) are used to propagate target nucleic acid 
sequences in the form of dsRNA. 

10 SIJMMARY 

In a first aspect, the present invention provides a novel method for mass production of 
dsRNA. It is based on the use of an RNA-dependent RNA polymerase, fix)m viruses or 
other types of replicons with dsRNA genome, with which it is easy to produce dsRNA of 
15 sufficient purity and in sufficient amounts. More specifically, the method is mainly 
characterized by what is stated in the characterizing part of claim 1 • 

In a second aspect, the present invention provides a hving cell system for mass production 
of dsRNA.The living cell system is mainly characterized by what is stated in the 
20 characterizing part of claim 16. 

In a third aspect, the present invention provides a kit for mass production of dsRNA. The 
kit is mainly characterized by what is stated m tiie characterizing part of claim 22. 

25 In a fourth aspect, the present invention provides a method for inducing sequence-specific 
gene silencing in eukaryotic organisms based on RNA viruses or other KNA replicons. In 
the method, RNA replicons are used as vehicles for propagating target nucleic sequences in 
a dsRNA form; the dsRNA is purified and used to trigger silencing effects. More 
specifically, the method is mainty characterized by vA^at is stated in the characterizing part 

30 of claim 23. 

According to a preferred embodiment the present invention provides a method where viral 
replication complexes in carrier state microbial cells produce practically unlimited amounts 
(fermentor scale) of dsRNA. Desired nucleic acid sequences can be transformed in a vector 
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to the carrier state cells where the transient transcription produces desired ssRNA 
molecules. These are directed for packaging into the intracellular viral replication 
complexes where the complementary strand is synthesized. After propagation of such cells 
dsRNA of interest can be isolated and purified. 

5 

A number of biological entities having RNA genomes will be appropriate systems for the 
use withm this methodology. For example, at least some ssRNA viruses are known to 
replicate their genomes via dsRNA intermediates (Buck, 1996). However, for the ease of 
obtaining dsRNA of sufficient purity and in sufGcient amounts it is advantageous to use 
10 viruses or other types of replicons with dsKNA genomes. 

One can make use of essentially any RNA-based organism or system, including RNA 
virus-like particles, RNA plasmids, viroids, or other RNA-based autonomous genetic 
elements. According to a preferred embodiment of the invention the RNA based system is 

15 an RNA bacteriophage which belongs to Cystoviridae family, preferably the bacteriophage 
is selected from the group of (|)6, (t)7, (|)8, (|)9, (t)10, (1)11, (|)12, <t)13 and (t)14, most preferably 
from bacteriophage <|)6. The replicable form of the nucleic acid target is contacted witii the 
polymerase in a prokaiyotic cell, preferably in a gram-negative bacterial cell, more 
preferably in a bacterial cell selected from the group comprising Pseudomonas sp., 

20 Escherichia sp. and Salmonella sp.^ most preferably in a cell of Pseudomonas syringae. A 
currently preferred embodiment rely on a genetically altered bact^opha^ ^6, a dsRNA 
virus from the Cystoviridae femily that infects the bacterium Pseudomonas^ in particular P. 
syringae (Mindich, 1988; Mindich, 1999a). 

25 The present invention provides also a novel method for constructing recombinant dsRKA 
bacteriophages. The method takes advantage of suicide vectors vdierein nucleic acid 
fragments of interest are opembly linked with the sequences sufQcient for detectable 
replication by the viral replication ^paratus. The new method is fester and easier than 
previously described methods for constructing recombinant dsRNA bacteriophages, which 

30 involve in vitro packaging of procapsids particles (Poranen et a/., 2001) or propagating 
genetically modified bacteriophages in host cells stably transformed with the plasmid 
ejqpressing target genes (Mindich, 1999b) and references therein). 
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In the curcmtly prefeired CTabodiment said suicide vector is a DNA plasmid that is 
delivered into a cell containing functional viral replication ^paratus. The plasmid can not 
be stably propagated vdthin said cell (definition of a suicide vector), but can be transiently 
transcribed by a DNA-dependent RNA polymerase to yield RNAs replicable by the viral 
5 polymerase. 

Because RNAs replicable by dsRNA virus polymerase in vivo are converted into dsRNA 
(genomic) form, the use of the suicide vector strategy is highly advantageous for various 
applications of this invention. 

10 

The present invention is of great advantage since it provides tools for tiie continuously 
groAving research on the RNA field. From the possible application areas the use of dsRNA 
in gene silencing is at the moment most promising. 

15 Further features, aspects and advantages of the present invention will be better understood 
fix)m the description of specific embodiments and examples. It should be imderstood, 
however, that the description and the examples are given by the way of illustration only, 
not by the way of limitation. Various changes and modifications within the spirit and the 
scope of the invention will become apparent to those skilled in the art firom the following 

20' text. Furthermore, citation of a reference throughout the entire patent text shall not be 
interpreted as an admission that such is prior art to the present invention. 

BRIEF DESCRIPTION OF THE FIGURES 

25 The foregoing text, as well as the following description and appended claims, will be better 
imderstood when read in conjunction with the appended figures, in ^^^ch: 

Figure 1 shows schematically how recombinant RNA replicons are generated using 
suicide plasmid strategy. The exan^)le depicts constructing carrier-state Pseudomonas 
30 syringae cells that contain recombinant 06 virus e;q)ressing beta-lactamase gene (<|)6-d/a). 

Figure 2 depicts: 

(A) Agarose gel electrophoresis of total RNA from the following strains: K, Km-resistant 
HB10Y((|)6-«pO; AO, Amp-resistant HB10Y((t>6-6/a); HB, non-infected HBIOY. Lane 4)6, 
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dsRNA segments L, M and S extracted from the wild-type (j)6 (positions indicated on the 
left along with the positions of P. syringae 23S and I6S rRNAs). Mk, dsDNA markers. 
Maiker lengths in kbp are shown on the right. White aiiowhead shows the new segment, 
which spears in Amp-resistant cells. 
5 (B) RT-PCR analysis with npt- and 6/a-specific primers was performed using RNA from: 
K, HB10Y((|)6-;?pO and AO, HB10Y(<|>6-6/a). The reverse traiiscription (RT) step was 
omitted in reactions 2 and S. Different PGR primers were used as specified under the 
panel. Positions of the npt and 6/a-^ecific PGR fragments are marked on the right dsDNA 
marker (Mk) lengths aie shown oh &e left. 

10 

Figure 3 shows that ^-bla carrier cells rapidly adapt to cefotaxime. 

(A) 0.2 to 1x10^ HB10Y((|)6-6/^2) carrier state cells were plated onto LB agar containing 
either 150 p,g/ml ampiciUin (Amp 150) or 50 ng/ml cefotaxime (Ctx50). Ctx i^sistant 
colonies appeared after 3 days of iucubation at 28X. No colonies were detected at this 

15 time on the sector inoculated with 1x10^ HB10Y^LM254) cells, which contain a plasmid 
encoding the bla gene. 

(B) Schematic diagram of the Ctx adaptation experiment. Gells were cultivated on LB agar 
containing increasing Ctx concentrations (^g/ml), as shown below petri dishes. 20-40 of 
the largest colonies were pooled after each passage and used for subsequent rounds of 

20 selection. 

(G) Upper panel, agarose gel analysis of RNA extracted from carrier state cells at passages 
AO, Gl, C2, C3, C4, C7 and CIO. HB, RNA from uninfected HBIOY cells. Lower panel, 
RT-PCR products generated using di^-spedfic primers. Other designations are as defined 
in the description of Fig. 2. 

25 (D) SDS-PAGE analysis (Olkkonen and Bamford, 1989) of carrier state cells from 
different passages (AO, CI, C4, C7 and GIO) or purified (^6 virus ((t)6). HB, uninfected 
HBIOY cells. Panel G250, a Coomassie G250 stained gel fragment showing the band of 
protein PL a-Pl, a-P2, a-P4, and a-P8, immunoblots produced using antibodies specific 
to corresponding <t)6 nucleocapsid (NC) proteins and ECL detection as recommended by 

30 Pierce Biotechnology. 

(E) Transmission electron micrograph of osmium tetroxide and uian^ acetate stained cell 
thin sections fix)m AO and CIO passages takra as described (Bamft)rd and Mindich, 1980). 
Black anovrfiead, enveloped virions; white arrowhead, NC and PC particles. 
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DETAILED DESCRIPTION OF THE INVENTION 
S Definitions 

Unless exphdtfy stated otherwise, specific terms used fhroughout this invention have the 
following meanings: 

The term '"bacteriophage" refers to a viras infecting eubacteria or another prokaiyotic 
10 organism, such as e.g. archaea* 

The term "biological activity**, as used herein, refers broadly to various functions and 
properties of a protein or nucleic acid. Examples of biological activities include but are not 
limited to catalytic^ binding, and regulatory functions. 

15 

As used herein, the term "biological entity", refers to all systems containing nucleic acids 
capable of multiplication through a template-directed mechanism. 

As used herein, the term "carrier-state cells" refers to a cell line or plurality of cells 
20 infected by a virus, which can support multiple roimds of the virus genome replication, 
remaining in a living state for a period of time substantially longer than a typical duration 
of the viras life cycle. 

The term "nucleic acid sequence", or sometimes "nucleotide sequence", refers to an order 
25 of nucleotides in an oligonucleotide or polynucleotide chain. 

The term "polymerase", or sometimes "nucleic acid polymerase", refers to a protein or a 
protem complex that can catalyze the polymerization of ribo- or deoxyribo-nucleoside 
triphosphates into a polynucleotide chain. 

30 

The term "protein sequence", or sometimes "amino acid sequence", refers to an order of 
amino acid residues in a peptide or protein chain. 
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As used heiein, the term "ribovims" refers to an RNA virus whose life cycle proceeds 
entirely on the level of KNA and does not normally include a DNA phase. Riboviruses 
include viruses with positive- and negative-sense single-stranded (ss) RNA genomes as 
well as double-stranded (ds) RNA viruses. A preferred embodiment of this invention deals 
5 with dsRNA viruses fix)m the Cystoviridae femily, also referred to as "cystoviruses". Also 
see "RNA virus". The dsRNA virus is preferably a bacteriophage selected fiom the group 
comprising (|>6, ^7, (|)8, (|)9, ^10, 1, ^12, (|>13 and ^14, most preferably it is bacteriophage 
<t)6. 

10 As used herein, the term "reverse-transcribing virus" refers broadly to a vims whose life 
cycle necessarily includes both RNA and DNA phases. The nanoie of the group derives 
fix)m the process of "reverse transcription" used by these viruses wherein RNA molecules 
are used as templates to produce DNA copies. Two types of reverse-transcribing viruses 
are known, "retroviruses" and "pararetroviruses". Retroviruses encapsidate their genomes 

15 in the form of RNA but use DNA intermediates when multiplying in infected cells. 
Pararetroviruses encapsidate DNA genomes but use RNA intermadiates when multiplying 
in infected cells. 

The term "ribozyme" refers to an RNA molecule with detectable catalytic activity. Various 
20 natural and artificial ribbzymes possessing diverse catalytic activities have been described 
in the previous art (Bittker et al, 2002b; Doudna and Cech, 2002; Jaschke, 2001). 

The term "RNA virus" refers to viruses having RNA genomes. 

25 As used herein, the term "RNA-based autonomous genetic element" refers generically to 
biological entities containing RNA genome but distinct from RNA virus. RNA-based 
autonomous genetic elements include but are not limited to RNA virus-like particles, 
viroids, and RNA plasmids. Another term sometimes used in the literature to refer to RNA- 
based autonomous genetic elements is "RNA subviral agent". Also see definition of 

30 '^biological entity". 

The term "RNA-based organism", as used herein, refers generically to RNA viruses and 
RNA-based autonomoxxs genetic elemrats defined above. Because all RNA organisms are 
capable of rq)licating their genomes under appropriate conditions, the term "RNA 
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replicon*' is used herein in reference to RNA organisms and derivatives thereof to 
emphasize this capability. 

The term "RNA-dependent polymerase" refers to a nucleic add polymerase enable of 
5 copying RNA templates. Two types of RNA-<lependent polymerases are known, producing 
RNA or DNA copies of RNA templates. These are referred to as "RNA-dependent RNA 
polymerases" ("RdRP") and "RNA-dependent DNA polymerases" ("RdDP", better known 
as reverse transcriptases), respectively. Also see "polymerase". 

10 As used herein, the terms "target" or "target molecule" refer to a nucleic acid that is 
subjected to the methods of this invention. Plurality of target molecules con:q>rising one or 
many distinct variants is sometimes referred to as "target population". The length of a 
target nucleic acid can be from about 20 bases, preferably from about 50 bases to 15 
kilobases, more preferably it is from 300 bases to 3 kilobases. 

15 

•Heterologous target sequence" refers here to a target sequence from any possible origin 
except from the RNA-based biological entity (e.g. RNA virus), which is used in 
the replication of the target sequence. "Homologous target sequence" refers here to a target 
sequence from the RNA-based biological entity (e.g. RNA virus), which is used in 
20 the replication of the target sequence. 

The target nucleic acid sequence may be homologous or heterologous, in particular it may 
be heterologous, to the RNA virus or replicon. 

25 ''A living cell" refers here to a cell supporting the replication of an RNA- based biological 
entity, such as RNA virus or other RNA replicon. The living cells may belong to 
prokaiyotes. They may be bacteria, preferably gram-negative bacteria, more preferably 
bacteria selected from the groiq) comprising Pseudomonas sp.^ Escherichia sp, and 
Salmonella sp.j most preferably Pseudomonas syringae. The living cell may also be a 

30 eukaryotic cell, such as mmtmM m^ insect, plant or yeast cell. 

'"Detectable replication" refers here to the replication of the nucleic acid target detectable 
by any standardly available molecular biology method. 
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As used herein, the tenn "suicide vector" or a more specific term "suicide plasmid" refer 
to, respectively, vector/plasmid that can not be stably maintained within given cell line but 
can direct transient gene e>q)ression. 

5 Other terms are explained in the text or used according to the common practices of the ait. 

Viral RNA vectors 

In the selected formats, target is integrated vdthin RNA replicons, thus allowing replication 
10 of the target by an appropriate SNA-dependent polymerase. It may be advantageous for 
many applications to choose RNA viruses as RNA replicons. In this case, mtegrated target 
is replicated as a part of viral genome by the virus-encoded polymerase, preferably RNA- 
dependent polymerase. In previous e3q)eriments RNA viruses have been used as vectors for 
heterologous sequence inserts. For example, alphaviruses, retroviruses and some (-)RNA 
15 viruses are used as vectors for gene therapy and gene expression application (Palese, 1998; 
Robbins et al, 1998). Sumlarly, several RNA viruses infecting plants may also be used as 
vectors (lindbo et al.y 2001). 

Although some embodiments of the method can rely on single-stranded RNA viruses, it 
20 may be advantageous for many apphcations to select viruses that have double-stranded 
RNA genome. dsRNA resist nuclease degradation better than ssRNA, which makes it 
easier to purify sufficient amount of intact dsRNA than that of ssRNA. Examples of 
dsRNA viruses include members of the Cystoviridaey Reoviridae^ Totiviridae^ 
Pcirtitiviridae, Bimaviridae and Hypoviridae families. Because of the economical and 
25 convenience reasons it may be advantageous to use viruses fix)m the Cysto-, Toti- and 
Paititiviiidae families, which infect prokaiyotes and lower eukaiyotic organisms such as 
bacteria, yeast and other fungi. Bacteriophage (|)6 and its relatives {<fl thiou^ (j>14) 
infectmg gram-negative bacteria and Sacckaromyces cerevisiae viruses L- A and L-BC, 
that have been also known under the name of "virus-^like particles", are amongst the most 
30 obvious choices. 

In the cunentiiy preferred embodiment, target gene is integrated witiiin the ^omic RNA 
of a dsRNA bacteriophage fiDm the Cystoviridae fionily (a cystovirus). An important 
advantage of an RNA bacteriophage over animal or plant RNA viruses is the low cost and 
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relative ease of propagation. Furthermore, bacteriophages generally have shorter life 
cycles, which helps to reduce the time needed for the production. 



As a specific example of the dsSNA bacteriophage format, target gene can be integrated. 
5 into the M segment of the cystovirus ^6 and replicated by the ^6-encoded RNA-dependent 
RNA polymerase. In further embodiments, other members of the Cystoviriae fimuly, from 
<(>7 through ^14 (Mindich et al^ 1999), can be used as vectors for target sequences and also 
as polymerase source. Furthermore, any of the three genomic segments L, M and S, typical 
for the Cystoviridae, can be used fi>r integrating the taiget sequence. 

10 

Furthermore, it is known that at least some cystoviruses can tolerate substantial genome 
rearrangemaits, which can be manifested in the form of shortened or extended genomic 
segments, or a change in the segment number. For example, variants of (t)6 containing 1, 2 
or 4 genomic segments have been described (Onodera et a/., 1995; Onodera et a/., 1998). 
15 These modified cystoviruses are also within the scope of this invention, as they can be 
more advantageous RNA vectors than the wild-type cystoviruses. 

It has been shown , that the synthesis of cystoviral RNA is catalyzed by so-called 
polymerase complex that includes protems PI, P2 (catalytic subunit), P4, and P7 (Mindich, 

20 1999a; Mindich, 1999b). The polymerase complex also sctvcs as a container for genomic 
RNA. All polymerase complex pioteins are encoded on the segment L. Earlier studies have 
also demonstrated that bacterial cells expressing cDNA of tiie L segment accumulate 
functional polymerase con^lex particles (Mindich, 1999b). Therefore, some embodiments 
may involve the use of cystovirus derivatives whose L segment encodes for the polymerase 

25 con^lex, whereas additional segment(s) are used for incorporating nucleic acid targets. In 
alternative embodiments, proteins of the polymerase complex can be produced fix>m 
cDNA, which can be introduced into bacterial cell for example in the form of a DNA 
plasmid. In this case, the entire genetic capacity of the polymerase conrplex (^^15 kb) can 
be used for dsRNA production with a specific sequence. 

30 

It is a currently preferred feature that the RNA virus vector used is propagated in the form 
of carri^ state cells. This type of viral infection does not destroy most of the infected cells, 
thus effectively extending time of the target gene expression. Clearly, all formats where 
virus is not lethal for the infected cell will be particularly usefiil for the dsRNA production. 
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In the currently preferred embodiment, recombinant bacteriophage 06 is propagated vnHdn 
carrier-state bacteria Pseudomonas syringae. Because at least some of the. related 
cystoviruses have been shown to infect Escherichia coli and Salmonella typhtmurium 
5 (Hoogstraten et al, 2000; Mindich et aL, 1999; Qiao et al, 2000), additional embodiments 
of this invmtion will be based on the use of carrier-state gram-negative bacteria containing 
a recombinant cystovirus selected fiom the group of (|)6, (|)7, (|>8, 09, 010, 011, 012, 013, 
and 014. 

10 In further specific embodiments, non-lethal infection can be achieved by using special cell 
lines, weakened (attenuated) virus strains, or both. As an example of the first strategy, 
mutants of P. syringae cells are known that form carrier state cells after being infected with 
the wild-type 06 virus. Attenuated viruses can be selected as naturally occurring mutants or 
engineered artificially. In some cases it will be sufBcient to substitute a part of viral genes 

15 with tiie target sequence to obtain an attenuated virus. Interestingly, non-lethal infection is 
typical for the normal life cycles of several viruses. The exanoples include above- 
mentioned yeast totiviruses L-A and L-BC. 

Non-viral RNA vectors 

20 

Althougih the use of virus-based vectors is advantageous for many applications, some 
embodiments may use non-viral vectors. One example of this strategy is to use specific 
elements that are replicated in nature by viral KNA-dependent KNA polymerases, such as 
diverse defective interfering (DI) elements and satellite RNAs. Specific examples include 
25 small RNAs multiplied by the RdRP of the coliphage Qp and toxin-encoding satellites of 
the yeast L-A virus (Ml, M2, and others) (Brown and Gold, 1995; Wickner, 1996). 

Another example of non-viial vectors would be the use of autonomous gmetic elemrats 
found for example in fimgi and plants. S. cerevisiae strains often contain singile-stranded 
30 replicons called 20S RNA and 23S RNA. Of these, 20S RNA is an apparently naked RNA 
replicon (with a dsRNA form called W) encoding an RNA polymerase. 23S RNA also 
encodes an RNA polymerase and has a dsRNA form called T (Wickner, 1996). 
Fiutheimore, some plants, such as rice, are infected by extensive dsRNA elements, referred 
to as 'TINA plasmids" or "endomaviruses" by different authors (Gibbs et ai, 2000). These 
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elonents encode their own RdRP and seem to lack coat proteins. Many RNA replicons of 
the non-virus origin normally do not destroy the infected cell, which can be an 
advantageous feature as discussed above. 

5 Polymerase sources 

In the aforementioned embodiments, target nucleic acid, integrated into viral or non-viral 
RNA vector, is replicated by an RNA-dependent polymerase. It will be obvious for those 
skilled in the art that said polymerase can be provided in any number of ways. In some 
10 embodiments, the polymerase will be encoded by the RNA leplicon containing the nucleic 
acid, whereas in other embodiments the polymerase will be encoded by another RNA 
replicon co-infecting the host cell 

In yet further embodiments, the polymerase can be encoded by DNA, which can be of 
15 chromosomal, plasmid, viral, transposon or other origin. An exanq)le of this format was 
discussed above for cystovirus-based vectors. Jn anoth^ specific ^bodiment, target 
sequence can be incorporated into viioid RNA and the r^lication of the genetically altered 
viroid RNA is probably carried out by cellular RNA polymerase II, operating in this case 
in the RNA-dependent mode (Lai, 1995). In other embodiments, viral polymerase genes 
20 can be introduced in a DNA fonn into tiie host cell and expressed using cellular 
transcription and translation apparatus. 

Delivery methods 

25 Another important aspect of the methods for mass production of dsRNA is the procedure 
used for bringing nucleic acid targets in contact with the polymemse. 

In a specific embodiment of this invention, this task can be accomplished by contacting a 
replicable form of the nucleic acid target with said polymerase within living cell. For this 
30 purpose, both target and the polymerase have to be delivered into the host cell 



Different delivery methods can be used in different embodiments, ranging ftom delivery 
through virus infection, transformatiQn (in bacteria), transfection (in eukaryotic cell lines). 
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electropoiatioo, lipofection, ballistic methods, agroinfiltration, nucroiiijection etc. 
Description of these and other delivery methods can be found elsewhere. 

In tiie cuirently preferred embodiment, illustrated in the Example 1, bacteriophage <t>6 
5 RdRP is delivered into the host P. syringae cell using virus infection. The heterologous 
sequence is dislivered either through virus infection (as in the i^^-npt case) or in the form of 
a suicide DNA plasmid using electroporation (as in the ^-hla case). 



In many embodiments, it may be advantageous to deliver RNA replicons containing 
10 marker genes. Such marker genes can be very useful to distinguish between cells that 
contain RNA repUcon from the rest of the cells. Indeed, currently available delivery 
methods may not be 100% efficient, in that only a fraction of the treated cells usually 
receive the RNA replicon encoding the nucleic acid target. Examples of marker genes may 
include antibiotic or toxin resistance genes, genes encoding enzymes of amino acid or 
15 nucleotide metabolism, or genes encoding fluorescent proteins. 

Method for mass production of dsRNA 

This invention provides a method, wherein KNA replicons are utilized as vehicles for mass 
20 production of heterologous or homologous sequences in the dsRNA form in vrvo. 



This me&od comprises tiie steps of: 

a) providing nucleic acid target in a form replicable by an RN A-dq)endent KNA 
polymerase in a living cell; 

b) contacting said replicable form of the nucleic acid target with said polymerase 
under conditions sufficient for template-directed RNA synthesis, one of the 
reaction products being necessarily double-stranded (ds) RN^ 

c) recovering said dsRNA products in a sufficiently pure form; 
and optionally modifying said products for optimal performance. 

Two major requirements affect the choice of preferred embodiments. 

(1) It is advantageous to produce large amount of sufficiently pure dsRNA molecules 
without substantial expenses. 

(2) It is also advantageous to perform all the method steps within shortest time possible. 
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Accordingly, the currently preferred embodiments of the method utilize recombinant 
dsRNA viruses infecting prokaryotic and lower eukaryotic organisms, such as 
Cystoviridae, Totiviridae and Partitiviride. The hosts of these viruses, usually bacteria and 

S fungi, can be propagated easily and inexpensively, thus enabling a mass production of 
dsRNA irom the corresponding recombinant virus. In the most preferred embodiment, 
dsRNA vimses fix)m the Cystoviridae fiunily are used as vectors for propagating 
heterologous sequences in the dsRNA form. Other embodiments can certainly make use of 
other viruses, both of dsRNA and ssRNA nature. The use of ssRNA viruses is theoretically 

10 justified since many of these viruses ibrm dsRNA replication intermediates. 

It is furthermore preferred that the target sequence to be converted and further propagated 
in the form of dsRNA is 'delivered into the host cell in the form of a DNA vector under the 
control of an appropriate DNA-dependent RNA polymerase promoter. The transcription 
15 product derived from said DNA vector must comprise the nucleic acid target and Ihe 
sequences sufficient for RNA replication. The host cell must contain RNA-dependent RNA 
polymerase that can replicate the target RNA molecule. 

In the currently preferred embodiment target sequence is delivered into P. syringae carrier 
20 state cells carrying ^6 virus, in the form of a suicide DNA plasmid that can not be stably 
propagated m Pseudomonas but can be transiently transcribed by the cellular RNA 
polymerase. The target is physically linked with a marker gene such as ampicillin of 
cefotaxime resistance gene, and therefore need not encode for any detectable activity. The 
translation of the target sequence into protein is also optional. The cells that acquired the 
25 target molecule in Ihe form replicable by 06 polymerase complex will express the marker 
gene and will be distinguishable fix)m the rest of the cells (e.g. will be 
ampiciUin/cefitaxime resistant). 

Further specific embodiments of this invention are based on the use of other recombinant 
30 cystoviruses (07 througjh 014) propagated within carrier-state Pseudomonas sp. or other 
gram-negative bacteria, such as Escherichia coli or Salmonella typhimuritm. 

Because it is advantageous that the target sequence is not changed substantially when 
piupagated in the form of dsRNA, in the preferred embodiments, the time of RNA leplicon 
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propagation is limited to miniTnum. In the most preferred embodiment, RNA replicon is 
propagated within appropriate cell line during 12-96 hours, preferably 24-48 hours. 



Jn the currently selected embodimmt, dsRNA is recovered from the carrier state cells using . 

5 a specific phenol/chloroform extraction and precq)itation procedure described in the 
ETLanrple 3. However, other well known niethods as well as commercial kits for dsRNA 
recovery are available. Thus obtained dsRNA preparation may contain ribosomal RNA» 
tRNA, traces of the bacterial chromosome and proteins. It may therefore be advisable for 
dsRNA quality sensitive q)plications to amend this purification procedure with steps 

10 removing dsDNA, ssRNA and protein impurities. These steps may include but are not 
limited to purification using anion exchange chromatography, adsorption chromatography 
on cellulose or silica resins, gel-filtration, as well as DNAse, protease or ssRNA-specific 
RNase treatments. In an alternative embodiment, dsRNA can be purified firom isolated 
virus particles, wliich can also reduce the amount of impurities. 

15 

The maximum size of the target nucleic acid depends on the RNA genome used in the 
method. For ^6 the theoretical maximum size is 15 kb. The length of the target nucleic 
acid can be from about 20 bases, preferably from about 50 bases to 15 kilobases, more 
preferably it is from 50 bases to 5 kilobases, still more preferably fix)m 300 bases to 3 
20 kilobases . The amount of the produced dsRNA is 1 to 5 mg per liter of the culture 
medium, but may be increased upon optimization. 

A living cell system for mass production of dsRNA 

25 One further object of this invention is a living cell system for mass production of dsKNA. 
The system comprises: 

- a target nucleic add sequence operably linked with determinants essential for 
replication by an RNA synthesis ^paratus of an RNA virus or another RNA 
replicon; 

30 - a living cell cq)able of siQiporting the replication of the RNA virus or other RNA 
replicon; and 

- a recovery procedure for recovery of the dsRNA products in a sufficiently pure 
form. 
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The cells are preferably either canier-state or can be transfonned into carrier state. The 
vector is preferably a suicide vector. 

'"Sufficiently pure" means here that the dsRNA product is as pure as requested for a 
5 certain application. The purity may be sufficient for a certain s^lication after the 
extraction step, when the purity is 80 or 90 %. In a certain application several 
purification stq)s may be needed until the dsRNA is practically homogenous. 



10 



20 



Kits for mass production of dsRNA 



One still further object of this invention is a kit foir mass production of dsRNA. The kit 
comprises one or more, preferably at least two of the following items: 

a) a vector for transient expression of target nucleic acid in preseliected cells that ' 
either are carrier-state or can be transformed into carrier state and^or 
.15 b) a genetically modified virus into where the target nucleic acid can be introduced; 

and/or 

c) cells that either are canier-state or can be transformed into carrier state. 



The vector is preferably a suicide vector. 
Application of the dsRNA products of this invention 



As an example of the applications of this invention a method is provided for inducing 
sequence-specific gene silencmg effects, such as RNAi, \^erein KNA replicons are 
25 utilized as vehicles for mass production of heterologous sequences in the dsRNA form in 
vivo. 

This method conoprises the steps of: 

a) providing nucleic add target in a form replicable by an RNA-<lependent RNA 
30 polymerase in a living cell; 

b) contacting said replicable form of the nucleic acid taiget with said polymerase 
under conditions sufficient for tenq)late-directed RNA synthesis, one of tiie 
reaction products being necessarily double-stranded (ds) RNA; 



wo 2004/108943 



PCT/FI2004/000347 



17 

c) recovering said dsRNA products in a sufficiently pure form and optionally 
modifying said products for optimal performance; 

d) using said pure, optionally modified dsRNA products to induce sequence- 
specific gene-silencing effects in eukaiyotic systems, such as organisms, cells or 

5 cell-fi:ee extracts. 

The present invention provides a novel strategy for generating double-stranded (ds) KNA 
triggers suitable for inducuig sequence specific gene silencing effects in eukaiyotes. A 
comprehensive description of the sequence specific gene silracing, also referred to as RNA 

10 silencing, can be foimd elsewhere (Baulcombe, 2002; Cogoni, 2001; Hannon, 2002; Vance 
and Vaucheret, 2001). Briefly, RNA silencing is a group of phenomena in which dsRNA 
triggers induce sequence-specific downregulation of the expression of target genes in 
eukaryotic organisms. The form of RNA silencing where dsRNA trigger is introduced into 
the cell artificially is called RNA interference (RNAi). Several important applications of 

15 RNAi have been reported ranging fiom functional genomics to ciuing disease (Barstead, 
2001; Jacque et a/., 2002; Kamath et al, 2003; Lum et a/., 2003; McCaffrey et a/., 2003; 
Novina et a/., 2002; Pekarik et al., 2003). 

In some applications, dsRNA triggers, provided in an isolated form, are administered into 
20 living cell or cell-fi*ee extracts to induce genesilencing effects. Accordingly, several in 
vitro methods for producing dsRNA of desired sequence have been reported in the prior 
art. A large group of such methods corrq)rise the steps of providing two self- 
complementary single-stranded (ss) RNA and annealing these ssRNAs into a duplex. 
Alternatively, isolated RNA-dependent RNA polymerases were used to generate dsRNAs 
25 fix)m ssRNA templates in vitro (PCT/FIOO/01 135; WO 01/46396). 

In specific embodiments mtended for inducing sequence specific gene silencing in 
inverterbrate animals, fungi, protozoa and plants, extensive dsRNA triggers purified as 
described above can be used as such. However, in vertebrate animals, long dsRNA may 
30 induce a nunober of unspecific effects, vdiereas 19-22 nt long dsRNA firagments induce 
sequence-specific silencing only (McManus and Sharp, 2002). It may therefore be 
advantageous for embodiments, which involve inducing RNAi in vertebrates or vertebrate 
cell lines, to fingment long dsRNAs into 19-22 nt pieces. Several fiBgmentation methods 
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have been described elsewhere including the hydrolysis by libonucleases DICER and 
RNase III (Myers et al, 2003; Yang et al, 2002). 

The. following Examples provide further illustrations of various aspects and embodiments 
5 of the present invention. A skilled artisan will appreciate that specific details can be 
modified without departing from the scope of the invention. 

EXAMPLES 

10 Example 1. Introducing heterologous sequences into the genome of dsRNA virus ^ 
and creating carrier-state host bacteria 

1.1. Bacterial strains and plasmids 

Escherichia coli DH5a was used as a host for plastnid propagation and gene engineering. 

15 Plasmid pEND5 was produced by inserting the neomycin phosphotransferase (npt) cassette 
fit)m pUC4K (Pharmacia) at the Pstl site of pLM656 (Olkkonen et aL, 1990). The correct 
plasmid encoding the (|>6 M segment with the inserted npt gene in the sense orientation was 
selected usmg restriction analysis. To construct pEM37, the Tfil-Xbal fiiagment^ containing 
the (|)6 M segment, was excised fix>m pIM656, the ends were filled in using the Klenow 

20 fiagment of DNA polymerase \ and the blunt fi:agment was inserted into the pSUlS vector 
(chloramphenicol resistance marker; (Bartolome et aU 1991)) at IRndJSirXbal sites. To 
produce pEM38, the ^-lactamase {bldj gene was amplified from pUC18 using the primers 
5'-TTCAC2X7C4(7ATGCATAAGGAAGCATATGAGTATTCAACAT^ (SEQ 
ID NO:l) and 5'-CAAAC2X?C4GAACK;TTACCAATG<m'AATCAGTGAGGCA-^ 

25 (SEQ ID N0:2) and Pfii DNA polymerase (Stratagene). The resulting PGR fiagment was 
inserted at the PM site of pEM37 in the sense orientation. 

1.2. Constructing (t)6-npt carrier-state cells 

30 The infection of Pseudomonas syringae HBIOY with the wild-type ^6 culminates in cell 
lysis and release of viral progeny (Mindich, 1988). However, when the kanamycin 
resistance marker npt was inserted into ^6 M segment, it was possible to select carrier state 
bacteria on Km-containing medium (Onodera et al., 1992). 
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We repeated this experimrat to obtain a Km-resistant strain HB10Y(^-wpO- Briefly, 
purified recombinant <|)6 procapsids (PCs) we packaged in vitro with recombinant m^ 
(single-stranded sense copy of 06 M segment) containing the npt gene (17 transcript from 

5 pEM35 treated with Xbal and mmig bean nuclease) and the wild-type I* and s"*^ (single- 
stranded sense copies of L and S). The packaged ssRNAs were converted into dsRNAs 
using PC replication in vitro and the particles were coated with ^6 P8 protein to produce 
infectious nucleocapsids (Bamford et al, 1995). These were used to produce recombinant 
virus plaques on a P. syringae HBIOY lawn. Material from one of the plaques (clone #26) 

10 was streaked onto LB agar plates containing 30 ^ig/ml kanamycin (Km) to select carrier- 
state bacteria HB10Y(<|)6-«pO bearing the recombinant vimsl These could be stably 
propagated on Km-containing LB agar or in LB medium withoixt loosing the npt gene^ as 
judged by agarose gel electrophoresis of viral dsRNA and RT-PCR with wpr-specific 
primers 5'-CAAGGAATTCCATGGGCCATATTCAACGGGAAA-3* (SEQ ID NO:3) and 

15 5'-<3CAGGATCCTTTAAAAAAACTCATCGAGCATCAAATGAAACT-3' (SEQ ID 
N0:4). 

As e:qpected, dsRNA segment M of the ^^-npt virus (M-npt), was longer than wild-type M, 
whereas ^6'npt L and S segments had regular lengths (Fig. 2A» lanes (|)6 and K). 

20 

1 .3. Constructing (|)6-bla carrier-state cells 

Constmcting ^6-npt involved manipulations with purified RNAs and viral procapsids 
(PCs) in vitro, followed by spheroplast infection (Bamford et al, 1995). To avoid these 
25 technical difficulties when preparing ^S-bla virus, we used a plasmid-based strategy (Fig. 
1) first developed by Mindich and colleagues (Mindich, 1999b). HB10Y((|)6-wpO cells were 
transformed with plasmid pEM38 that encodes the ^6 M segment containing the anq>icillin 
resistance marker bla. 

30 For the transformation, electrocontpetent HB10Y((|)6-n/7/) cells were prepared as described 
(Lyra et al, 1991). These (40 jU) were elecboporated with 0.1 mg/ml pENGS. The cell 
suspension was diluted with 1 ml of LB containing 1 mM MgS04, incubated at 28**C for 2 
h, and plated onto LB agar containing 150 |ig/ml ampiciUin. 
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pEM38 can not replicate in P. syringae but it can direct transient expression of the 
recombinant M segment, as previously sho^ for other E. coli plasmids (Mindich, 1999b). 
Some of the RNA transcripts can be packaged by PCs, present in the HB10Y((l>6-i?pO 

5 cytoplasm, giving rise to ^^-bla virus. Indeed, Anq>-resistant colonies (10^ to 10^ |xg'^ 
DNA) appeared after 48-72 h of incubation at IV'C on pEM38- but not on mock- 
transformed plates. One of the AnQ>-resistant clones, which could be stably propagated in 
fhe presence of Amp, was used for subsequent experiments. Electrophoretic analysis of the 
if6'bla dsRNA genomic segments revealed the presence of two M segment species, M-npt 

10 and a new segment, M-6/a, migrating between Mrtipt and wt M (Fig. 2A, lane AO). 

1 .4. Carrier state bacteria contain RNA-encoded antibiotic resistance genes 

We carried out RT-PCR analysis to ensure that the bla gene was indeed encoded by 

15 rather than by host DNA. The bla PCR product was readily detectable when nucleic acid 
extracted &om HB10Y(<|)6-&/a) was reverse-transcribed and amplified using 2^/a-specific 
primers (Fig. 2B, lane 6). Howevor, no product appeared in &e control when the RT step 
was performed without reverse transcriptase (lane S). This strongly suggests the RNA 
nature of the bla gene. Using np^specific primers, we also observed that HB10Y((|)6-&/la) 

20 bapteria retain detectable amounts of the npt gene (lane 4), consistent with the - 
electrophoretic analysis of HB10Y((|)6-6fa) RNA. As e3q)ected, HB10Y(<|)6-iipO cells 
contained only an RNA-encoded npt gene (lanes 1-3). 

Exanq)le 2. Mass production of dsRNA 

25 

2. 1 . Preparation of total RNA from carrier-state bacteria 

Bacterial cells pooled from 20-40 carrier-state colonies or pelleted from 1.5-ml liquid 
cultures were resuspended in 300 pi of 50 mM Tris-HCl, pH 8.0, 100 mM EDTA, 8% 
(v/w) sucrose. Lysozyme was added to 1 mg/ml and the mixture was incubated for 5 min at 
30 room temperature. Cells were lysed by 1 % SDS for 3-5 min. SDS and most of the 
chrranosomal DNA were precipitated by 1 .5 M potassium acetate, pH 7.5 on ice. RNA was 
precipitated from the supematant fraction by the addition of 0.7 volumes of isopropanol. 
The RNA peUet was dissolved in 400 pi TB (10 mM Tris-HCl, pH 8.0; 1 mM EDTA), 
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extracted successively with equal volumes of phenol-chlorofonn and chlorofonn, and re- 
precipitated with ethanol The pellet was washed with 70% ethanol and dissolved in 100 |il 
of sterile water. 

5 

22. RT-PCR and cloning of the bla gene 

To obtain cDNA copies of the virus-encoded bla gene, total RNA (1 to 5 \ig) from carrier- 
state bacteria was mixed with 10 pmol of the reverse tFanscrq)tion primer (S'- 
CTATCGAGCACAGCGCCAACT-3') (SEQ ID NO:5), denatured by boiling for 1 min 

10 and chilled on ice. Reverse transcription was performed using AMV-RT (Sigma) at 45°C 
for 1 h as recommended. The bla cDNA was PGR amplified using a mixture of Pfu and 
Taq DNA polymerases and the primers 5 - 

CCGAATTCATAAGGAAGCATATGAGTATTCA-3' (SEQ ID N0:6) and 5*- 
CAACTTTTACGCTGGTGCTATACAACGACT-3* (SEQ ID NO:7). Hindm-Ecom cut 

15 PGR products were ligated with a similarly treated pSU18 vector and transformed into E, 
coll DH5a. Gloned bla sequences were determined using a commercial automated 
sequencing facility (MWG-Biotech), 

20 2.3. Gene bla from Ctx-adapted carrier state P. syringae cells confers Ctx resistance in E. 
coli 

To characterize the possible effect of cefbtaxime selection on the ^lactamase gene, bla 
cDNA from AO, C1-C4, C7 and CIO passages was cloned into pSUlS (E. coli plasmid 
containing chloranqphenicol (Cm) resistance marker) under control of the lac promoter. E. 

25 coli DHSa was transformed with the resulting plasmid libraries and plated onto Cm 
medium. Because existing cefotaxime-specific p-lactamases are also resistant to anq)icillin 
(Bradford, 2001), we used plates with a low Amp concentration (50 Mg/ml) to screen the 
libraries for clones containing the bla insert. A sufficient amount of p-lactamase was 
produced from the lac promoter without induction. Plasmids from the Amp-resistant clones 

30 (isolated from the master Gm plates) always contained the bla inserts. Conversely, several 
randomly selected clones that were resistant to Cm but not to Amp were the same size as 
the pSU18 vector. 
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We next examined A^ether E, coli containing pSU18 with bla inserts originating fix)m <1)6" 
bla are also resistant to Ctx. For this puipose, -10^ cells were transferred ficom colonies 
grown on Cm, -to plates containing 5 or 10 (Jg/ml Ctx. Of the 50-100 colonies analyzed for 
each library, 22% of the Cl-derived bla clones were indeed resistant to 5 fig/ml Ctx. bi the 
5 case of C2-, C3-, C4-, C7- and ClO-derived hTjraries, the ftaction of Ctx-resistant bla 
clones was 72, 81, 93, 100 and 100%, respectively, with most of the clones growing in the 
presence of S and 10 fig/ml Ctx. No Ctx-resistant colonies were detected in the AO-derived 
library. 

10 The obtained constructs in carrier state bacterial cells are propageted with appropriate 
selection in rich LB gowth medium either in batch cultures, continuous cultures or large 
scale fennentors. The cells are harvested by centrifugation either using bacth 
centrifiigation or continuous centrifugation. The RNA is extracted and dsKNA separated 
fix)m cellular RNA as described above. 

15 
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